Mutagenic specificity of alkylated and oxidized DNA bases as determined by site-specific mutagenesis.
This work demonstrates the use of the tools of site-specific mutagenesis to study the mutagenic activity of two DNA adducts, O6-methylguanine and cis-thymine glycol. The former adduct is one of the methylated bases formed by carcinogenic and mutagenic alkylating agents. It was built into the single-stranded genome of bacteriophage M13 and replicated in Escherichia coli (E. coli). The mutation frequency of O6-methylguanine was 0.4% in physiologically normal cells. In cells in which the repair systems for O6-methylguanine were compromised by challenge with an alkylating agent, the mutation frequency rose to approximately 20%. DNA sequencing revealed that O6-methylguanine induced exclusively G----A transitions, which was most consistent with it pairing with thymine during DNA synthesis. The mutagenic effects also were investigated of cis-thymine glycol isomers, which are major, stable products of ionizing radiation and oxidative damage to DNA. By techniques similar to those employed for the study of O6-methylguanine mutagenesis, a single thymine glycol was situated in an M13 phage genome. The genome was replicated in E. coli that were physiologically normal, induced for SOS functions, or deficient in the nth gene product and, in all cases, the mutagenic processing of thymine glycol in vivo yielded mutant progeny phage at a frequency of 0.3-0.4%. All mutations occurred at the site that originally contained thymine glycol, and all were demonstrated by DNA sequencing to have resulted from targeted T----C transitions. These data suggest that thymine glycol pairs with guanine during replication.